Purpose The purpose of this study is to conduct an intervention study designed to assess the effectiveness of using a newsletter to increase medical follow-up in pediatric cancer survivors at risk of selected treatment complications. Methods Survivors participating in the Childhood Cancer Survivor Study who were at least 25 years of age and at risk of cardiovascular disease, breast cancer, or osteoporosis related to previous cancer treatment were randomly assigned to receive a newsletter featuring brief health risk information or a newsletter including an insert providing more comprehensive health risk information. A follow-up survey distributed 24 months after the newsletter intervention assessed predictors of medical follow-up. Results Overall, there were no differences found among the groups in terms of access to a treatment summary, medical follow-up, discussion of childhood cancer health risks, and medical screening for the targeted health behaviors. One exception, indicating borderline significance was that women at risk for osteoporosis who received the newsletter insert were more likely to have discussed their risk with a doctor than those who only received the brief information (10.1 % vs. 4.0 % p=0.05). Discussion of breast cancer (OR=2.15; 95 % CI=1.74-2.66), heart disease (OR=5.54; 95 % CI= 4.67-6.57) and osteoporosis (OR=10.6; 95 % CI=8.34-13.47) risk with physician significantly predicted report of undergoing screening for targeted behavior in previous 2 years as did physician access to treatment summary. Conclusions More detailed content in a newsletter had minimal effect on recommended screening. However, survivor's discussion of cancer-related risks with one's doctor significantly influenced participation in health screening. These results highlight the integral role of communication in health behavior. Cancer Surviv (2013) 7:379-391 DOI 10.1007 follow-up in pediatric cancer survivors at risk of selected treatment complications. The results are of great importance not only to the pediatric oncology community but also the broad range of adult oncology medical specialties who are directly involved in the long-term medical care of this ever increasing population of cancer survivors.
Introduction
Treatment for cancer during childhood results in substantial risk of morbidity that has been shown to predispose some long-term survivors to premature mortality [1] . The Childhood Cancer Survivor Study (CCSS), a North American multi-institutional cohort study, estimated that almost 75 % of their 10,397 adult participants (mean age, 26.6 years) will develop at least one chronic health problem by 40 years of age and over 40 % will experience a chronic condition that is severe, life-threatening or fatal [2] . Because transition of care from pediatric oncology programs is the norm for the majority of childhood cancer survivors, cancer centers are challenged with identifying methods to effectively communicate health risk information to long-term survivors who have been discharged to the care of community physicians. Achieving this goal requires that both survivors and their physicians are knowledgeable about potential treatmentrelated health problems and interventions to reduce risk or facilitate early detection. However, several studies have demonstrated that childhood cancer survivors are often not informed about the details of their cancer treatment and its associated health risks [3] [4] [5] . Moreover, because of the relative rarity of childhood cancer and its diverse histological subtypes and treatments, primary care providers are also not likely to be familiar with the health risks unique to childhood cancer [6, 7] . These data underscore the importance of educating survivors about health risks associated with childhood cancer so they may advocate for appropriate surveillance and follow-up care [8] [9] [10] .
One of the goals of the CCSS is to educate its participants about potential cancer health risks, health surveillance measures appropriate to that risk, and methods to preserve health. Since the project began, periodic newsletters have served as the primary educational tool to keep cohort members informed about CCSS research findings, emerging health risks associated with specific therapeutic exposures, and health-promoting resources. In addition, subject matter in survey questionnaires, the study Web site (http:// www.stjude.org/ccss), and cancer-related content in the media also have provided study participants with health-related information.
Against this backdrop, an intervention study was designed to assess the utility of the CCSS newsletter to inform survivors about their risk for treatment-related late effects. The researchers' goal was to determine which of two risk communication approaches-brief or detailed information about cancer-related health risks and health surveillance recommendations-would be more effective at motivating study participants to see their doctor, discuss their risk for treatment-related effects, and receive appropriate medical screening tests. The study involved CCSS cohort members at high risk for developing breast cancer, cardiovascular disease and osteoporosis because of the cancer treatments they received as children, along with a control group of survivors not specifically at risk for any of these conditions. Three core questions guided the study. The first question relates specifically to the impact of the newsletter intervention; the next two focus on associations hypothesized by a conceptual model that relates contextual factors, information-seeking, and knowledge gaining health behaviors to cancer survivors getting recommended screening tests.
Does a detailed message targeted to a patient's cancer
history have a greater influence on recommended health behaviors than a more generalized message? 2. What are the key, potentially modifiable, mediating health behaviors that lead to recommended screening tests? 3. Are there individual characteristics that are predictive of certain knowledge seeking health behaviors?
Methods

Subject selection
Study participants were drawn from the CCSS cohort, for which enrollment criteria consisted of: (a) diagnosis of leukemia, central nervous system (CNS) tumors (all histologies), Hodgkin lymphoma, non-Hodgkin lymphoma, kidney tumor, neuroblastoma, soft tissue sarcoma, or bone tumor; (b) diagnosis and initial treatment at one of the collaborating CCSS institutions; (c) diagnosis date between January 1, 1970 and December 31, 1986; (d) age less than 21 years at diagnosis; (e) survival five or more years from diagnosis [11] . The CCSS protocol and contact documents were reviewed and approved by the Human Subjects Committee at each participating institution. Baseline data for members of the study cohort were collected using a 24-page baseline questionnaire. Of the 20,602 eligible 5-year survivors, 3,035 were lost to follow-up, 3,260 declined participation, and 14,307 agreed to participation and completed a baseline questionnaire (Fig. 1) . Information concerning primary cancer therapy was subsequently abstracted from the medical records of all CCSS participants who returned a signed medical release. In addition to surgical information, abstracted data included specific chemotherapeutic agents administered and site specific radiation exposure (dichotomous yes/no variable). Anthracyclines were defined as Adriamycin (doxorubicin), daunorubicin, and idarubicin; steroids were defined as prednisone and dexamethasone.
A subsequent Follow-Up 2 (FU-2) survey was distributed to CCSS participants, beginning in 2003. Of the 14,307 survivors who completed the baseline questionnaire, 10,951 survivors were alive and eligible to receive the FU-2 survey, and 9,308 (85 %) returned this survey. The current study including the intervention reported here was conducted with data from 5,661 survivors who were 25 years of age or older as of July 2, 2001, had returned both the baseline and FU-2 surveys, and completed a medical release request (see Fig. 1 ).
Design of newsletter intervention
Groups selected for inclusion in this newsletter intervention study were categorized by risk for late effects [12] as follows:
& At risk for breast cancer-Females who received radiation impacting breast & At risk for heart disease-Survivors who were treated with anthracyclines and/or received radiation impacting the heart & At risk for osteoporosis-Participants who were treated with methotrexate or corticosteroids and/or received cranial or TBI radiation & No risk-Cohort members not at increased risk for above late effects, by virtue of diagnosis and treatment, for any of these health problems.
Risk classification was based on data previously abstracted from medical records. Risk factors were prioritized to assure assignment of survivors into one group only, regardless of exposures. The rank order for risk group assignment was breast cancer, first; cardiovascular disease, second; and osteoporosis, third. One exception to this rank order were female survivors who received chest radiation -this group was at risk for both breast cancer and cardiovascular disease, therefore half were assigned to the breast cancer pool, half to the cardiovascular disease pool. Based on these criteria, 701 female survivors were classified at risk for breast cancer, 3,083 male and female survivors at risk for cardiovascular disease, 574 for osteoporosis, and 2,873 not specifically at risk for any of these conditions.
The intervention component of the study was implemented in spring/summer, 2001. Within each risk group, eligible survivors were randomly assigned to either receive newsletter featuring brief or detailed information about cancer-related health risks and health surveillance recommendations. Survivors randomized to the intervention arm providing more comprehensive health risk information received an insert providing a detailed description of childhood cancer treatment predisposing to the medical condition, other factors that increase an individual's risk, how to reduce that risk, the type of information a doctor should know to evaluate a survivor's risk, and recommended medical follow-up based on risk. The newsletter and inserts are available at http://ccss.stjude.org/documents/newsletters.
Measures
Intervention-targeted variables
Approximately 2 years after distribution of the newsletter, the FU-2 survey was sent to all CCSS participants as part of the ongoing cohort study; responses to this survey constitute Fig. 1 A schematic diagram of study recruitment the outcomes for this study. The primary outcome of interest was screening behavior. As recommended by the Children's Oncology Group Long-Term Follow-Up Guidelines, screening was measured as: (1) has had a mammogram in the past 2 years (women only); (2) has had an echocardiogram -"ultrasound of the heart to look at the heart muscle and heart valves" in the past 2 years; and (3) has had a test to measure bone strength or bone mineral density (such as a DEXA, quantitative CT scan, or ultrasound) in the past 2 years. In addition to examining each screening behavior separately, a dichotomous measure of received appropriate screening was created based on the specific risk group (breast cancer, heart disease, osteoporosis) to which a survivor was categorized based on treatment history.
The intervention further targeted three mediating variables that were expected to lead to appropriate screening, measured in the FU-2 survey as: seeing a doctor (ever versus never in the previous 2 years); having access to a cancer treatment summary (participants reported separately about whether they or their doctor had the summary, yes/no/don't know); and discussing cancer-related health risk with a doctor (heart disease, osteoporosis and cancer in general).
Exposure to intervention-reading the newsletter
The detailed information insert was included in the CCSSmailed newsletter. Hence, to be exposed to the intervention, the survivor presumably had to read or at the very least look through the newsletter. A simple indicator of whether a survivor exhibited this information-seeking behavior was measured by the question "In the past 2 years, did you read a newsletter from the CCSS study?" (yes vs. no).
Conceptual framework
Drawing on communications theory and previous research on childhood and adult cancer survivors [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] a conceptual model ( Fig. 2 ) was developed to describe expected associations between a survivor's actual health risk (Cancer Group classification) and receiving screening tests recommended for maintaining health (Get Screened outcomes). Because individual differences, both health-related and demographic, need to be considered, the model hypothesized a path that factored in situational variables as the context for behavior (Context[ual] variables). Information-seeking (Seek Information) plays two roles. Conceptually, it was included as a step to increased knowledge about cancer risk and recommended surveillance [23] . Operationally, it serves as our measure of "exposure to intervention." In the interest of parsimony, for this analysis, newsletter readership serves as a proxy for this complex construct. Source credibility, a moderator of knowledge gain, was measured by the question, "Your doctor was familiar with health problems that develop after childhood cancer and similar illnesses" (yes vs. no). Discussing one's risk with a doctor (interpersonal communication) and having access (directly or through a doctor) to one's own cancer diagnosis and treatment summary information, key ingredients of a Survivor Care Plan [15] , were included as components of knowledge transfer (Gain Knowledge).
Health-related variables from follow-up survey selected for consideration included: family history of cancer (yes vs. no), secondary malignancy or recurrence of the primary cancer (yes vs. no), cancer-related anxiety (coded from a Likert item with response anchors: none, some, more than some), self-reported health status (measured on a five-point Likert scale ranging from poor to excellent), and health insurance coverage (yes vs. no).
Standard socio-demographic variables including age at time of newsletter intervention, sex, education, marital status, and income also were measured based on self-report to the FU-2 survey. Education was dichotomized as postcollege (yes vs. no) in multivariable logistic regression models, and income was split into three categories: less than $40,000, $40,000-$80,000, and greater than $80,000.
Data analysis
Descriptive summaries of cancer diagnoses and treatment based on CCSS medical records were calculated for each of the predefined risk groups. Demographic and health-related variables were also summarized by predefined risk groups. To examine balance of randomization, descriptive summaries of study population were additionally stratified by randomization group (insert or no insert).
The rates of the targeted outcomes: (1) visited doctor in last 2 years, (2) survivor or MD has childhood cancer treatment summary, (3) discussed with MD about risks associated with childhood cancer, and (4) appropriate screening behavior were compared between the two randomized intervention arms (newsletter with insert vs. newsletter without insert). Differences in the rates were tested separately within each of the at risk groups, and stratified by gender using one-sided Fisher's exact tests hypothesizing the rate to be higher in the group who received the insert. Intent-to-treat analyses were conducted including all individuals who were randomized to each intervention arm.
To identify potential predictors of the three different types of screening (mammogram in last 2 years, echocardiogram in last 2 years, and bone density in last 2 years), separate multivariate logistic regression models were used including all survivors who had seen a physician in the last 2 years. Predictors included the expected intervention-targeted mediators of availability of cancer treatment summary and discussions with doctor about risks as well as the more distal mediator of having read the newsletter (or information-seeking) and all health-related and demographic variables. Additional logistic regression models were used to identify potential predictors of the intervention-targeted mediators themselves (i.e., discussion about cancer, heart disease and osteoporosis risks, and availability of cancer treatment summary). Of primary interest, these models included the distal mediator of having read the newsletter and also controlled for health-related and demographic variables. Odds ratios, 95 % confidence intervals and p values are reported. Because of the study's focus on the use of a newsletter for transmitting information, additional logistic regressions were performed taking reading the newsletter as the outcomes.
Missing data for the following categorical predictor variables was minimal (<5 %) and dealt with by including a separate missing category for each of them in the logistic regressions: family history of cancer, health insurance, read newsletter, post-college, currently married, and income. Since a larger portion of the cancer anxiety variable was missing (12 %), multiple imputation (100 datasets) was performed using PROC MI in SAS to impute the cancer anxiety measure. All logistic regressions were performed across all imputed datasets and results were combined and summarized using PROC MIANALYZE in SAS which incorporates uncertainty due to the missing values. SAS Version 9.2 was used for all analyses. Tables 1 and 2 describe the distribution among participants by risk group and random assignment to newsletter intervention (Insert vs. No Insert) along three dimensions: cancer treatment, health-related factors and demographics. No appreciable differences were noted between randomized groups within each risk group. The number of survivors at risk for each health outcome differed by age at diagnosis, diagnosis, and treatment. Those that were at risk for osteoporosis were diagnosed at a younger age, whereas, the survivors at risk for breast cancer were diagnosed older. Respondents with an original cancer diagnosis of Hodgkin lymphoma were predominant in the breast cancer risk group; individuals with a diagnosis of leukemia, Hodgkin lymphoma, and bone tumors were predominantly at risk for heart disease; and a leukemia diagnosis was predominant for respondents in the osteoporosis risk group. As expected, respondents in the no risk group were less likely than the at risk groups to be exposed to chemotherapy and radiation treatment fields predisposing to the targeted health risks.
Results
Study population
In terms of health-related variables, when compared to other risk groups, respondents at risk for breast cancer were most likely to have insurance, a family history of cancer, a second malignant neoplasm (SMN) or recurrence, and higher cancer-related anxiety. Self-assessed health status was similar among all risk groups. Demographically, differences in age correspond with variations among risk groups in education, marital status, and income. Respondents at risk for breast cancer were older with a mean age of 36.6 years when the study was launched, whereas those at risk for osteoporosis were younger with a mean age of 31. Table 3 displays the effect of the newsletter insert on intervention-targeted behaviors. Women at risk for osteoporosis who received a newsletter insert were more likely to have discussed their risk with a doctor than women who did not receive the insert, but the percentage was still very low (10.1 vs. 4.0 %-borderline statistically significant). With the exception of women at risk for osteoporosis discussing their risk with a doctor, the intervention insert did not significantly impact respondents reporting a visit to a doctor Fig. 2 Pathways to screening in the past 2 years, access to a treatment summary (either directly or through his/her MD), discussion of risks associated with childhood cancer with doctor, or receipt of screening for targeted health risks. The majority of survivors had visited a doctor in the previous 2 years (range, 75.9-96.2 %); however, fewer than 50 % reported that either they or their physician had a cancer treatment summary. Risk-specific discussions varied according to risk category and sex, with the risk of breast cancer being discussed most frequently and osteoporosis least frequently.
Newsletter intervention
Pathways to appropriate screening
The lack of a strong or consistent intervention effect motivated the expanded aims to identify factors that influence adherence to screening. In particular, we determined the strength of the association between screening and the (7) 23 (7) 152 (12) 109 (9) 5 (2) 13 (6) 195 (9) Kidney (Wilms)
22 (8) 13 (4) 55 (4) NHL non-Hodgkin lymphoma, TBI total body irradiation a Chemotherapy types of drugs can add up to more than total number with any chemotherapy. Percents by types are based only on those with any chemotherapy b Radiation site counts can add up to more than total number with any radiation. Percents by sites are based only on those with any radiation intervention-targeted mediators, i.e., discussing cancer risk with a doctor and having access to one's cancer treatment summary. Among contextual variables, risk status was a significant predictor of obtaining screening, with women at risk for breast cancer being significantly more likely than respondents at no risk for late effects to undergo screening for all three of the targeted health risks. Other significant predictors of receiving a mammogram included: having a family history of cancer, having health insurance, and older age. Respondents at risk for heart disease were significantly more likely to receive an echocardiogram. Significant predictors of receiving an echocardiogram included recurrence of the primary cancer or a second malignancy, and having health insurance. Older age, being a female, and having a higher (36) 339 (27) 320 (26) 33 (14) 29 (13) 504 (24) Not reported 12 (4) 14 (4) 118 (9) 105 (9) 37 (16) 39 (17) 233 (11 (20) 152 (12) 152 (12) 22 (9) 28 (12) 232 ( income also were significant predictors. A one unit increase in overall general quality of health (i.e., poor, fair, good, very good, excellent) reduced by 15 % the odds of having an echocardiogram. Being at risk for osteoporosis was not a significant predictor for any type of screening test. Predictors for receiving a bone density test included respondents who report better general health having a 16 % lower odds of receiving a bone density testing. Conversely, survivors with a second malignancy or recurrence had significantly higher odds to be screened for osteoporosis. Other significant factors for having bone density testing (i.e. screening for osteoporosis) include being insured, older age, female, and not currently married. The logistic regression analyses reported in Table 4 were restricted to respondents who provided information for each type of screening. Table 5 , in turn, shows the relationship of factors believed to influence whether survivors would discuss risks associated with childhood cancer with their doctor and whether the doctor and/or survivor has access to the cancer treatment summary (see Fig. 2 ). Within each risk group, reading the newsletter was a significant predictor in receiving the target behavior change. Among the most robust predictors were: risk group, second malignancy or recurrence of the childhood cancer, cancer anxiety, and gender. One mediator that works against having access to a treatment summary is source credibility, operationalized in this study by a question about the doctor's familiarity with late effects. Survivors who said their doctor was unfamiliar with late effects were 40 % less likely to have access to their treatment summary. Currently married was the only other factor to be negatively associated with having access to a treatment summary.
Intermediary steps
Because reading the newsletter-in addition to being a proxy for exposure to intervention-was found to play a significant role in the intervening variables detailed in Table 5 , the characteristics of newsletter readers also were of interest. Regardless of risk category, substantially more women than men reported reading a newsletter from the CCSS Study in the past 2 years. The percentage difference ranged from 12.7 % more female (72 % readership) than male readers (59 %) in the "no risk" group to 6.6 % more female (68 % readership) than male readers in the osteoporosis risk group. Women at risk for breast cancer were the most avid readers, with 84 % reporting they had read a newsletter. Analysis of the sample as a whole indicated that in addition to gender and older age, higher education and being currently married were all moderately but significantly correlated with higher newsletter readership.
Discussion
Motivated by a desire to provide information to selected high-risk groups in CCSS, the primary goal of this study was to evaluate the impact of education strategies on future health practices. In an earlier CCSS study, Kadan-Lottick and her colleagues [3] found that many members of the a Survivors' reporting of whether they or their MD had a summary of their childhood cancer treatment used a dichotomous outcome of yes versus no or don't know, based upon the view that the intervention had not produced the preferred outcome if the survivor reported they did not know b Risk discussion depends on at risk group: discussed cancer-related issues, discussed heart disease, or discussed osteoporosis c Appropriate screening behavior depends on at risk group: mammogram within last 2 years, echocardiogram within last 2 years, bone density within last 2 years d p value based on one sided Fisher's exact test that outcome has higher rate in insert group versus no insert group CCSS cohort lacked important knowledge about their cancer diagnosis and treatment. A supplemental telephone interview with a random sample (n=635) revealed that only 74 % of respondents could provide an "accurate general summary" of all of the elements of their cancer history. Notably, not one of the subjects could give an accurate "detailed summary" of diagnosis and treatment therapies.
Without such knowledge, it is reasonable to infer that many childhood cancer survivors are unaware of their personal risk for treatment effects as they age. Further, if survivors are unaware of their risk for late effects, they have no reason to share their cancer history with primary care providers or to request recommended screening tests. Also of consequence is physicians' knowledge about potential late effects in childhood cancer survivors [24] . Most childhood cancer survivors "drift back" to the care of a primary care physician following treatment [25, 26] ; however, it is difficult for busy primary care physicians to stay up-to-date on a rare disease diagnosed in only 16 of every 100,000 persons under the age of 21. Such gaps in knowledge pose a serious challenge for both health care practitioners and patients because they preclude anticipatory, preventive follow-up care for survivors of childhood cancer [27] . Evidence underscores the magnitude of the problem. A study by Yeazel et al. [28] found that the timing and frequency of screening tests for adult-onset malignancies reported by the CCSS cohort fell below optimal levels recommended for the general population. The problem of suboptimal screening for disease is not limited to childhood cancer survivors. Several studies have found that adult cancer survivors also may experience deficiencies in medical care [29, 30] , suggesting that findings from this study may have broader implications.
This randomized, controlled trial found that providing more detailed content about an individual's risk for developing health problems as an adjunct to a periodic newsletter had a minimal effect on the likelihood of childhood cancer survivors receiving recommended screening tests. The lack of a statistically significant intervention effect may be explained by a number of factors. Setting aside individual differences in information processing styles, the relatively weak intervention dose-one targeted (addressing characteristics shared by the entire risk group), not tailored (addressing characteristics unique to the recipient) page of information in a 2-year period-may explain the null finding [31, 32] . In terms of both message and graphic content, the information communicated to intervention subjects via the one-page inserts expanded on the information provided in the newsletter itself. However, insert content was limited to matching generic editorial content to the recipient's risk category. Although the verdict is still out, tailored information seems to influence desired outcomes more consistently than targeted information [33] [34] [35] [36] . However, even with more intensive interventions, effects are persistently small. Nevertheless, the newsletter (and insert) appeared to increase awareness and interest in risk that is less commonly known in this population, such as cardiac problems and osteoporosis. However, survivors still showed problems in receiving testing, particularly for osteoporosis, for reasons that are not clear. Other factors influencing adherence to recommended screening include survivors' awareness of their health risks and access to insurance/health care services as well as physicians' knowledge of cancer-related health risks and appropriate health screening measures. It is also possible that "incidental exposure" [33] to cancer-related information in the media influence participation in screening behaviors. These are questions for future research [18] .
Despite these limitations, the study clearly identified some significant associations that should guide clinical practice. First, our results affirm the importance of cancer survivors and their physicians having access to the cancer treatment summary [20] . Second, discussing cancer-related risks with one's doctor substantially increased the likelihood of undergoing recommended screening tests. These findings are encouraging, as they identify behavioral targets that can be modified through intervention [6] . Oncologists can and should prepare a treatment summary for each and every patient, and they should ensure that the patient understands the importance of sharing that summary with future care providers, regardless of specialty. Survivorship advocates and other organizations such as individual states' community-based cancer alliances can help to achieve this goal, identified as a priority by the Institute of Medicine. And every doctor should be heartened to know that taking time to talk with patients about their cancer-related risks and tests that may help to mitigate specific late effects really will make a difference. Third, the study underscores the importance of integrating what is known about the integral role of communication in health behavior. Figure 1 points to some of the key variables that merit additional investigation in future studies.
Like other studies that rely on cross-sectional, survey data, this one is subject to limitations of utilizing self-reported data. Further, it is impossible to assert causality, and how specific activities in the screening pathway led to receiving appropriate screening. Detailed information about the time order of events was not available. Additionally, measuring the impact of several communication variables was limited by the a priori wording of survey questions. Hence, measurement of constructs like information-seeking and source credibility were not as precise as they might have been had standardized measures been employed. At the same time, the applicability of what was learned should not be limited to survivors of childhood cancer as similar factors may influence participation in health screening behaviors of survivors of adult-onset malignancies. 
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